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HIGH SPEED, HIGH PRECISION SIX 
DEGREE-OF-FREEDOM OPTICAL 
TRACKER SYSTEMAND METHOD 

TECHNICAL FIELD 

0001. The present invention generally relates to optical 
tracker systems and methods, and more particularly relates 
to a high speed, high precision six degree-of-freedom optical 
tracker system and method. 

BACKGROUND 

0002. In recent years, near-to-eye (NTE) display devices 
have been developed and are becoming increasingly popu 
lar. Depending upon the particular end-use environment, 
these NTE display devices may be coupled to a helmet or 
headset of a viewer, and thus move with the changing 
position and angular orientation of the viewer's head. This 
advantageously allows the displayed information to be vis 
ible to the viewer regardless of the position and/or orienta 
tion of viewer's head. 
0003. It may thus be appreciated that determining the 
position and orientation of a viewers head in six degrees 
of-freedom (e.g., x, y, and Z, and pitch, yaw, and roll) may 
be of particular importance to the overall functionality of 
NTE display devices. Many existing systems are relatively 
complex, heavy, and expensive. This is due, in part, to the 
fact that may are designed for military applications (e.g., 
helmet mounted systems), rather than a more compact, 
lightweight design, Such as a visor. 
0004 Hence, there is a need for a high precision, high 
speed, relatively lightweight head tracking system that pro 
vides accurate and jitter-free registration and rendering of 
display elements on an NTE display device. The present 
invention addresses at least this need. 

BRIEF SUMMARY 

0005. This summary is provided to describe select con 
cepts in a simplified form that are further described in the 
Detailed Description. This summary is not intended to 
identify key or essential features of the claimed subject 
matter, nor is it intended to be used as an aid in determining 
the scope of the claimed Subject matter. 
0006. In one embodiment, a six degree-of-freedom opti 
cal tracker system includes a structure, a plurality of light 
emitting diodes (LEDs), an LED controller, a position 
sensing device, and a processor. The structure is adapted to 
be disposed on a Subject and is moveable to a position and 
orientation. The LEDs are mounted on the structure, and 
each LED is coupled to receive a drive current and is 
configured, upon receipt of the drive current, to emit light. 
The LED controller is coupled to the LEDs and is configured 
to supply the drive current to each of the LEDs in a manner 
that causes the LEDs to sequentially and individually emit 
light. The position sensing device is spaced apart from each 
of the LEDs. The position sensing device has a field of view 
(FOV) and is configured to receive the light emitted from 
each of the LEDs within the FOV and to supply position data 
for each LED. The processor is coupled to receive the 
position data Supplied from the position sensing device and 
is configured, upon receipt thereof, to (i) determine the 
position and orientation of the structure relative to the 
position sensing device, (ii) determine if one or more of the 
LEDs is outside of the FOV of the position sensing device, 
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and (iii) disable the one more LEDs determined to be outside 
of the FOV of the position sensing device. 
0007. In another embodiment, a six degree-of-freedom 
optical tracker system includes a structure, a plurality of 
light emitting diodes (LEDs), an LED controller, a single 
position sensing device, and a processor. The structure is 
adapted to be disposed on a Subject is and moveable to a 
position and orientation. The LEDs are mounted on the 
structure, and each LED is disposed on the structure at a 
specific position relative to a reference position. Each LED 
is coupled to receive a drive current and is configured, upon 
receipt of the drive current, to emit infrared (IR) light. The 
LED controller is coupled to the LEDs and is configured to 
supply the drive current to each of the LEDs in a manner that 
causes the LEDs to sequentially and individually IR emit 
light. The single position sensing device is spaced apart from 
each of the LEDs, and is configured to receive the IR light 
emitted from each of the LEDs and to supply position data 
for each LED. The processor is coupled to receive the 
position data Supplied from the single position sensing 
device and is configured to determine the position and 
orientation of the structure relative to the single position 
sensing device based on the position data Supplied from the 
position sensing device and the specific position of each 
LED relative to the reference position. 
0008. In yet another embodiment, a method of detecting 
position and orientation of a structure using a single position 
detecting device that is spaced apart from the structure 
includes sequentially and individually Supplying drive cur 
rent from an LED controller to a plurality of light emitting 
diodes (LEDs) that are mounted on the structure to thereby 
sequentially and individually cause the LEDs to emit light, 
where each LED is mounted on the structure at a specific 
position relative to a reference position. Position data for 
each LED are generated, using the single position sensing 
device, from the light that is emitted from each of the LEDs. 
The position data and the specific position of each of the 
LEDs relative to the reference position are processed, in a 
processor, to determine the position and orientation of the 
structure relative to the single position sensing device. The 
LED controller is selectively commanded, using the proces 
sor, to vary the drive current to one or more of the LEDs. 
0009. Furthermore, other desirable features and charac 
teristics of the optical tracking system and method will 
become apparent from the Subsequent detailed description 
and the appended claims, taken in conjunction with the 
accompanying drawings and the preceding background. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The present invention will hereinafter be described 
in conjunction with the following drawing figures, wherein 
like numerals denote like elements, and wherein: 
0011 FIG. 1 depicts a functional block diagram of one 
embodiment of a six degree-of-freedom optical tracker 
system; 
0012 FIG. 2 depicts a front plan view of one example 
embodiment of a structure upon which LEDs of the system 
of FIG. 1 may be mounted; 
(0013 FIG. 3 depicts the structure of FIG. 2 disposed on 
the head of a user; 
0014 FIG. 4 depicts a simplified representation of an 
example embodiment of a duo-lateral type photodiode posi 
tion sensing device that may be used in the system of FIG. 
1; 
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0015 FIG. 5 depicts examples of various timing pulses 
generated in the system of FIG. 1; 
0016 FIG. 6 depicts a close-up view of a portion of the 
timing pulses depicted in FIG. 5; 
0017 FIG. 7 depicts a functional block diagram of 
another embodiment of a six degree-of-freedom optical 
tracker system; 
0018 FIGS. 8 and 9 depict front and side perspective 
views of another example embodiment of a structure upon 
which LEDs of the systems of FIGS. 1 and 7 may be 
mounted; and 
0019 FIGS. 10 and 11 depict top views of the structure 
of FIGS. 8 and 9 in two different orientations. 

DETAILED DESCRIPTION 

0020. The following detailed description is merely exem 
plary in nature and is not intended to limit the invention or 
the application and uses of the invention. As used herein, the 
word “exemplary' means "serving as an example, instance, 
or illustration.” Thus, any embodiment described herein as 
“exemplary” is not necessarily to be construed as preferred 
or advantageous over other embodiments. All of the embodi 
ments described herein are exemplary embodiments pro 
vided to enable persons skilled in the art to make or use the 
invention and not to limit the scope of the invention which 
is defined by the claims. Furthermore, there is no intention 
to be bound by any expressed or implied theory presented in 
the preceding technical field, background, brief Summary, or 
the following detailed description. 
0021. In view of the foregoing, although the disclosed 
systems and methods may be described, in Some contexts, as 
being implemented to track the position and orientation of a 
user's head for use with a near-to-eye (NTE) display device, 
it will be appreciated that the systems and methods may also 
be used to track the position and orientation of numerous 
parts of a body, or of various non-human Subjects, both 
animate and inanimate. 
0022 Referring now to FIG. 1, a functional block dia 
gram of one embodiment of a six degree-of-freedom 
(6-DOF) optical tracker system 100 is depicted, and includes 
a plurality of light emitting diodes (LEDs) 102, an LED 
controller 104, a single position sensing device 106, and a 
processor 108. The LEDs 102 are mounted on a structure 
110 that is adapted to be disposed on a subject and, when 
disposed on the Subject, to be moveable to a position and 
orientation in six degrees-of-freedom. 
0023. It will be appreciated that the structure 110 may 
vary in configuration and implementation, as may the Sub 
ject on which the structure is disposed. For example, the 
structure may be a helmet, a band, a hat, or a visor, just to 
name a few. Moreover, the Subject may be a human, a 
non-human, or an inanimate object such as, for example, a 
robotic device. In one particular embodiment, which is 
depicted in FIG. 2, the structure 110 is a visor 202 that is 
configured to be positioned, as depicted in FIG. 3, on the 
head of a human subject. As FIG. 2 also depicts, the LEDs 
102 are disposed at specified positions on the visor 202. In 
particular, and as will be described more fully below, each 
LED 102 is disposed on the structure 110 at a specific 
position relative to a reference position. 
0024. Returning once again to FIG. 1, each of the LEDs 
102 is coupled to receive a drive current from the LED 
controller 104 and is configured, upon receipt of the drive 
current, to emit light. Although the frequency of the light 
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emissions from the LEDs 102 may vary, in one particular 
embodiment the light that each LED emits is in the infrared 
(IR) frequency spectrum. However, the light that each LED 
emits may also be ultraviolet (UV), visible, or x-ray, if 
needed or desired. It will additionally be appreciated that the 
number of LEDs 102 may also vary. In the depicted embodi 
ment, the system 100 includes eight LEDs 102 (e.g., 102-1, 
102-2, 102-3, ... 102-8); however, the system 100 may be 
implemented with more (e.g., N-number of LEDs) or less 
than this number of LEDs. 

0025. The LED controller 104 is coupled to, and supplies 
the drive current to, each of the LEDs 102. More specifi 
cally, the LED controller 104 is configured to supply the 
drive current to each of the LEDs 102 in a manner that 
causes the LEDs 102 to sequentially and individually emit 
light. The LED controller 104 may be variously configured 
and implemented, but in the depicted embodiment the LED 
controller 104 includes a plurality of LED driver amplifiers 
112 (e.g., 112-1, 112-2, 112-3, ... 112-8). Each of the driver 
amplifiers 112 is associated with a different one of the LEDs 
102, and is thus configured to supply the drive current to its 
associated LED 102. As will be described in more detail 
further below, each driver amplifier 112 is also configured, 
in response to commands from the processor 110, to vary the 
current it supplies to its associated LED 102. 
0026. The single position sensing device 106 is spaced 
apart from each of the LEDs 102 and is fixedly mounted. 
The position sensing device 106, which has a field of view 
(FOV), is configured to receive, via a lens system 107, the 
light that is emitted from each of the LEDs 102 within the 
FOV, and to supply position data for each of the LEDs 102 
within the FOV. It will be appreciated that the position 
sensing device 106 may be implemented using any one of 
numerous known devices that are sensitive to the light 
emitted from the LEDs 102. For example, the position 
sensing device 106 may be implemented using a two 
dimensional (2D) duo-lateral or tetra-lateral type photodiode 
position sensing device, just to name two types of non 
limiting devices that may be used. For completeness, a 
simplified representation of a duo-lateral type photodiode 
position sensing device is depicted in FIG. 4, and will now 
be briefly described. 
0027. As shown in FIG. 4, the duo-lateral type photo 
diode position sensing device 400 has two pair of electrodes 
formed thereon, which include a pair of X-electrodes 402, 
404 and a pair of Y-electrodes 406, 408, arranged at right 
angles. Incident light directed at a point on the Surface of the 
device 400 produces current in the electrodes (I, I, I, 
I) and the X- and y-positions at which the incident light 
strikes the surface may be determined therefrom. Returning 
to FIG. 1, it is seen that the depicted position sensing device 
106 may additionally include various circuitry including, for 
example, one or more low-noise trans-impedance amplifiers 
(LNA) 114 (only one depicted). The LNA114 is configured, 
among other functions, to convert the sensed current to a 
voltage for further processing. As will be described in more 
detail further below, the LNA 114 is also configured, in 
response to commands from the processor 110, to vary its 
gain. 
0028 Regardless of how the position sensing device 106 
is specifically implemented, the processor 108 is coupled to 
receive the position data Supplied from the single position 
sensing device 106 and is configured, upon receipt of the 
position data, to determine the position and orientation of the 
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structure 110 relative to the position sensing device 106. It 
will be appreciated that although the processor 108 is 
depicted using a single functional block, it may be imple 
mented using a plurality of digital and/or analog devices. 
Moreover, it may be implemented using a central processing 
unit (CPU), a graphics processing unit (GPU), a field 
programmable gate array (FPGA), an application specific 
integrated circuit (ASIC), a microcontroller, or any other 
logic device or combination thereof. 
0029) Regardless of how the processor 108 is specifically 
implemented, unlike presently known 6-DOF systems, the 
processor 108 determines the position and orientation of the 
structure 110 using position data from only a single position 
sensing device 106. To do so, the processor 108 implements 
one or more models to determine the position and orienta 
tion of the structure 110 based on the position data supplied 
from the position sensing device 106 and the specific 
position of each LED relative to the above-mentioned ref 
erence position. 
0030. More specifically, the processor 108, at least in the 
depicted embodiment, implements a structure model 116 
and a camera model 118. The structure model 116 includes 
the 3D location of each LED 102 relative to a predefined 
origin on the structure 110. It will be appreciated that the 
predefined origin may be any one of numerous locations on 
the structure. The camera model 118 includes lens and 
sensor parameters that are determined during well-known 
camera calibration procedures. The image of each LED 102, 
as projected through space, the lens system 107, and onto the 
sensing device 400 provides the data that the processor 108 
uses to calculate the position and orientation of the structure 
110 relative to the position sensing device 106. It will be 
appreciated that the processor 108 could implement any one 
of numerous techniques to determine the position and ori 
entation. One technique particular technique is disclosed in 
D. DeMenthon and L. S. Davis, “Model-Based Object Pose 
in 25 Lines of Code.” International Journal of Computer 
Vision, 15, pp. 123-141, June 1995, and is referred to therein 
as “POSIT. 

0031. In addition to determining the position and orien 
tation of the structure 110 relative to the position sensing 
device 106, the processor 108 is also in operable commu 
nication with the LED controller 104 and is further config 
ured to command the LED controller 104 to supply the drive 
currents to each of the LEDs 104. More specifically, the 
processor 108 is configured to Supply a plurality of timing 
pulses to the LED controller 104, and the LED controller 
104 is configured, upon receipt of the timing pulses, to 
supply the drive currents to each of the LEDs 104. Although 
the implementation of the timing pulses may vary, in the 
depicted embodiment, which is illustrated more clearly in 
FIG. 5, the timing pulses supplied from the processor 108 to 
the LED controller 104 include a series of sync pulses 502 
and a plurality of individual LED pulses 504 (e.g., 504-1, 
504-2, 504-3, . . . 504-8). 
0032. The sync pulses 502 are supplied at a predeter 
mined periodicity. It will be appreciated that the predeter 
mined periodicity may vary. In the depicted embodiment the 
set periodicity is approximately 200 usec, but this period 
icity is merely exemplary of one embodiment, and may vary 
as needed or desired. Regardless of the predetermined 
periodicity, the individual LED pulses 504 are supplied 
between each of the sync pulses 502. As may be readily 
appreciated, and as FIG. 4 also depicts, each the individual 
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LED pulses 504 is associated with a different one of the 
LEDs 102, and each of the individual LED pulses 504 is 
supplied a predetermined number of times between each of 
the sync pulses 502. It will be appreciated that the prede 
termined number of times that each of the LED pulses 504 
is Supplied between each sync pulse 502 may vary, and may 
be programmable. 
0033. With reference now to FIG. 6, which provides a 
close-up view of the circled portion of the graph depicted in 
FIG. 4, it is seen that the processor 108 also implements an 
inter-LED delay time (Td) both after it supplies the sync 
pulse 502 and between each LED pulse 504. The inter-LED 
delay time allows the position sensing detector 106 to detect 
background ambient light conditions, and Supply data rep 
resentative thereof to the processor 108. The processor 106 
may then compensate, as needed, the position data for the 
background ambient light. It will be appreciated that the 
inter-LED delay time (Td) and the widths of the sync pulse 
502 (Ts) and the LED pulses 504 (Tw) may also be pro 
grammable. 
0034. From the above, it may be appreciated that there is 
one sync pulse per frame (200 usec apart) to synchronize the 
timing of the LED controller 104 and the position sensing 
device 106. The LEDs 102 then flash in sequence a number 
of times (1 up to 10 times) for each frame. The position 
sensing device 106 acquires data at precise times when each 
LED 102 is on, and also when each is off for ambient 
compensation. The frame cycle then repeats. 
0035. The processor 108 is also preferably configured, 
upon receipt of the position data, to perform basic validity 
checks. For example, the processor 108, based on the 
position data Supplied from the position sensing detector 
106, may identify when the position sensing detector 106 is 
in Saturation, may determine whether or not each of the 
LEDs 102 is within the FOV of the position sensing detector 
106, and may command the LED controller 104 to vary the 
drive current to one or more of the LEDs 102, vary the gain 
of the LNA 114, or both. 
0036. The processor 108 may implement the validity 
checks using any one of numerous processes. In the depicted 
embodiment, however, the processor implements the valid 
ity checks based on the relative magnitudes of the electrode 
currents due to LED emissions and ambient conditions 
(lxi(s) lyzes Ir(s). Iy2(s)). For example, the proces 
sor 108 determines when the position sensing detector 106 
is in Saturation by comparing the sum of the magnitudes of 
electrode currents (e.g., lxi(s)tly2(s) or Iri?sa+I 2(s) 
to a predetermined and configurable saturation threshold 
current value (PSD Sat Thr). If the sum of the electrode 
current magnitudes exceeds the predetermined Saturation 
threshold current value, then the position sensing device 106 
is in Saturation. This also means that the determined position 
is invalid and that the LED 102 drive current should be 
reduced. 

0037. The processor 108 determines that each individual 
LED 102 is within the FOV of the position sensing device 
106 by comparing the sum of the magnitudes of the elec 
trode currents (e.g., lxi(s)tlx2(s) or Ir(s) + 2(s) to a 
predetermined and configurable visual threshold current 
value (LED Vis. Thr). More specifically, if the sum of the 
electrode current magnitudes due to LED emissions and 
ambient conditions exceeds the sum of the electrode current 
magnitudes due to ambient conditions and predetermined 
Visual threshold current value (e.g., lxics--Isle-- 
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Ix2+LED Vis. Thr, or Ir(s)+I 26.--> Iyc+I 2+ 
LED Vis. Thr), then the LED 102 is within the FOV, 
otherwise it is not. It will be appreciated that he visual 
threshold current value is selected to provide a minimum 
offset over that of the ambient light conditions to ensure an 
indirect light source or reflection does not cause a false 
negative. 
0038. The processor 108 determines whether it needs to 
command the LED controller 104 to vary the drive current 
to one or more of the LEDs 102, vary the amplifier gain of 
one or more of the driver amplifiers 112, or both by also 
comparing electrode currents to predetermined and configu 
rable threshold current values. In particular, if an electrode 
current due to LED emissions and ambient conditions 
exceeds a predetermined and configurable high threshold 
current Value (High Thr) (e.g., (Ixics or 12- or Ilyics 
or I->High Thr), then this indicates that the LNA 114 
is Saturating and thus the position data is invalid. In 
response, the processor 108 will reduce the gain of the LNA 
114, command the LED controller 104 to reduce the LED 
drive current, or both. 
0039. On the other hand, if the sum of the electrode 
current magnitudes due to LED emissions and ambient 
conditions is less than a predetermined and configurable low 
threshold current value (Low_Thr) (e.g., lxist-lyas. 
<Low Thr, or Ia+I2-Low Thr), then this indi 
cates that the signal level is below optimum. In response, the 
processor 108 will increase the gain of the LNA 114, 
command the LED controller 104 to increase the LED drive 
current, or both. 
0040. It should be noted that although the 6-DOF system 
100 depicted in FIG. 1 is implemented with only a single 
positions sensing device 106, it could be implemented, if 
desired, with two or more position sensing devices 106. 
Such a system, which includes two position sensing devices 
106, is depicted in FIG. 7. Unlike presently known 6-DOF 
sensing systems, however, the additional one or more posi 
tion sensing devices 106 are not relied to determine the 
position and orientation of the structure 110. Rather, the 
additional position sensing device(s) 106 will increase the 
overall FOV of the system 100. The increased FOV, together 
with the overlapping coverage of the LEDs 102 and 
improved algorithms, may increase the overall accuracy of 
the system. 
0041. In order to maximize the LED coverage in the FOV 
of the position sensing device(s) 106 of the systems 100 
depicted FIGS. 1 and 7, while minimizing stray light, the 
number and positioning of LEDs 102 on the structure 110 
may also be varied. For example, in one embodiment, which 
is depicted in FIGS. 8 and 9, the structure 110, which is 
implemented as a visor, includes a first plurality of LEDs 
102 on a front portion 802 of the visor, and a second plurality 
of LEDs 102 on each of the sides 804, 806 of the visor. It 
will be appreciated that the number and location of the LEDs 
102 may vary. Preferably the number of LEDs 102 is 
selected to ensure that the position and orientation of the 
structure 110 is determined with sufficient accuracy. In the 
depicted embodiment, eight LEDs 102 are disposed on the 
front portion 802 of the visor, and three LEDs 102 are 
disposed on each of the sides 804, 806 of the visor. 
0042. Although the number of LEDs 102 disposed on the 
structure 110 is increased, the processor 108 is configured to 
illuminate only a portion of the LEDs 102. In particular, only 
those LEDs 102 within the FOV of the position sensing 
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device(s) 106. For example, and with reference to FIG. 10, 
the LEDs 102 disposed on the front portion 802 of the visor 
are within the FOV of the position sensing device(s) 106. 
Thus, these LEDs 102 are illuminated, whereas the LEDs 
102 on the sides 804, 806 of the visor are disabled. However, 
as depicted in FIG. 11, when a user varies the position of the 
visor so that one or more of the LEDs 102 on the front 
portion 802 are no longer all within the FOV of the position 
sensing device(s) 106, the processor 108 detects this and, 
based on the last known location and movement trend, 
determines which LEDs 102 are likely within the FOV. The 
processor 108 then illuminates only the LEDs 102 within the 
FOV, and disables those that are no longer in the FOV. 
0043. Disabling the LEDs 102 outside of the FOV of the 
position sensing device(s) 106 reduces light noise that may 
becaused by reflections off surfaces in the user's proximity 
from LEDs 102 outside of the FOV. This improves system 
accuracy and minimizes the possibility of interfering with an 
adjacent tracking system that may be used by another user 
(e.g., pilot/co-pilot). In addition, by not illuminating LEDs 
102 outside of the FOV, the amount of heat generation is 
reduced. By doing this in near real time, the power require 
ments of the configurations depicted in FIGS. 1 and 7 are 
maintained, and the position sensing device(s) 106 has a 
maximum count of illuminated LEDs 102 in its FOV, thus 
maintaining maximum position accuracy while minimizing 
Stray light emission. 
0044) The system and method described herein provides 
a high precision, high speed, relatively lightweight tracking 
system that may provide, for example, accurate and jitter 
free registration and rendering of display elements on an 
NTE display device. 
0045 Those of skill in the art will appreciate that the 
various illustrative logical blocks, modules, circuits, and 
algorithm steps described in connection with the embodi 
ments disclosed herein may be implemented as electronic 
hardware, computer Software, or combinations of both. 
Some of the embodiments and implementations are 
described above in terms of functional and/or logical block 
components (or modules) and various processing steps. 
However, it should be appreciated that such block compo 
nents (or modules) may be realized by any number of 
hardware, Software, and/or firmware components configured 
to perform the specified functions. To clearly illustrate this 
interchangeability of hardware and Software, various illus 
trative components, blocks, modules, circuits, and steps 
have been described above generally in terms of their 
functionality. Whether such functionality is implemented as 
hardware or Software depends upon the particular applica 
tion and design constraints imposed on the overall system. 
Skilled artisans may implement the described functionality 
in varying ways for each particular application, but Such 
implementation decisions should not be interpreted as caus 
ing a departure from the scope of the present invention. For 
example, an embodiment of a system or a component may 
employ various integrated circuit components, e.g., memory 
elements, digital signal processing elements, logic elements, 
look-up tables, or the like, which may carry out a variety of 
functions under the control of one or more microprocessors 
or other control devices. In addition, those skilled in the art 
will appreciate that embodiments described herein are 
merely exemplary implementations. 
0046. The various illustrative logical blocks, modules, 
and circuits described in connection with the embodiments 
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disclosed herein may be implemented or performed with a 
general purpose processor, a digital signal processor (DSP), 
an application specific integrated circuit (ASIC), a field 
programmable gate array (FPGA) or other programmable 
logic device, discrete gate or transistor logic, discrete hard 
ware components, or any combination thereof designed to 
perform the functions described herein. A general-purpose 
processor may be a microprocessor, but in the alternative, 
the processor may be any conventional processor, controller, 
microcontroller, or state machine. A processor may also be 
implemented as a combination of computing devices, e.g., a 
combination of a DSP and a microprocessor, a plurality of 
microprocessors, one or more microprocessors in conjunc 
tion with a DSP core, or any other such configuration. 
0047. The steps of a method or algorithm described in 
connection with the embodiments disclosed herein may be 
embodied directly in hardware, in a software module 
executed by a processor, or in a combination of the two. A 
software module may reside in RAM memory, flash 
memory, ROM memory, EPROM memory, EEPROM 
memory, registers, hard disk, a removable disk, a CD-ROM, 
or any other form of storage medium known in the art. An 
exemplary storage medium is coupled to the processor Such 
that the processor can read information from, and write 
information to, the storage medium. In the alternative, the 
storage medium may be integral to the processor. The 
processor and the storage medium may reside in an ASIC. 
The ASIC may reside in a user terminal. In the alternative, 
the processor and the storage medium may reside as discrete 
components in a user terminal. 
0.048. In this document, relational terms such as first and 
second, and the like may be used solely to distinguish one 
entity or action from another entity or action without nec 
essarily requiring or implying any actual Such relationship or 
order between such entities or actions. Numerical ordinals 
such as “first,” “second,” “third,' etc. simply denote differ 
ent singles of a plurality and do not imply any order or 
sequence unless specifically defined by the claim language. 
The sequence of the text in any of the claims does not imply 
that process steps must be performed in a temporal or logical 
order according to Such sequence unless it is specifically 
defined by the language of the claim. The process steps may 
be interchanged in any order without departing from the 
Scope of the invention as long as Such an interchange does 
not contradict the claim language and is not logically 
nonsensical. 

0049 Furthermore, depending on the context, words such 
as “connect” or “coupled to used in describing a relation 
ship between different elements do not imply that a direct 
physical connection must be made between these elements. 
For example, two elements may be connected to each other 
physically, electronically, logically, or in any other manner, 
through one or more additional elements. 
0050. While at least one exemplary embodiment has been 
presented in the foregoing detailed description of the inven 
tion, it should be appreciated that a vast number of variations 
exist. It should also be appreciated that the exemplary 
embodiment or exemplary embodiments are only examples, 
and are not intended to limit the scope, applicability, or 
configuration of the invention in any way. Rather, the 
foregoing detailed description will provide those skilled in 
the art with a convenient road map for implementing an 
exemplary embodiment of the invention. It being understood 
that various changes may be made in the function and 
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arrangement of elements described in an exemplary embodi 
ment without departing from the scope of the invention as 
set forth in the appended claims. 
What is claimed is: 
1. A six degree-of-freedom optical tracker system, com 

prising: 
a structure adapted to be disposed on a subject and 

moveable to a position and orientation; 
a plurality of light emitting diodes (LEDs) mounted on the 

structure, each LED coupled to receive a drive current 
and configured, upon receipt of the drive current, to 
emit light; 

an LED controller coupled to the LEDs and configured to 
supply the drive current to each of the LEDs in a 
manner that causes the LEDs to sequentially and indi 
vidually emit light; 

a position sensing device spaced apart from each of the 
LEDs, the position sensing device having a field of 
view (FOV) and configured to receive the light emitted 
from each of the LEDs within the FOV and to supply 
position data for each LED; and 

a processor coupled to receive the position data Supplied 
from the position sensing device and configured, upon 
receipt thereof, to: 
(i) determine the position and orientation of the struc 

ture relative to the position sensing device, 
(ii) determine if one or more of the LEDs is outside of 

the FOV of the position sensing device, and 
(iii) disable the one more LEDs determined to be 

outside of the FOV of the position sensing device. 
2. The system of claim 1, wherein: 
each LED is disposed on the structure at a specific 

position relative to a reference position; and 
the processor implements a model that determines the 

position and orientation of the structure based on 
position data Supplied from the position sensing device 
and the specific position of each LED relative to the 
reference position. 

3. The system of claim 1, wherein the processor is in 
operable communication with the LED controller and is 
further configured command the LED controller to supply 
the drive current to each of the LEDs. 

4. The system of claim 1, wherein: 
the processor is further configured to Supply a plurality of 

timing pulses to the LED controller; and 
the LED controller is configured, upon receipt of the 

timing pulses, to Supply the drive current to each of the 
LEDS. 

5. The system of claim 4, wherein the timing pulses 
comprise: 

a series of sync pulses, each sync pulse Supplied at a 
predetermined periodicity; 

a plurality of individual LED pulses supplied between 
each of the sync pulses, each the individual LED pulses 
associated with a different one of the LEDs, and each 
of the individual LED pulses supplied a predetermined 
number of times between each of the sync pulses. 

6. The system of claim 1, wherein: 
the LED controller comprises a plurality of LED driver 

amplifiers, each driver amplifier configured to Supply 
the drive current to a different one of the LEDs; and 

the processor is further configured to selectively com 
mand the LED controller to vary the drive current to 
one or more of the LEDs. 



US 2017/O 147088 A1 

7. A six degree-of-freedom optical tracker system, com 
prising: 

a structure adapted to be disposed on a subject and 
moveable to a position and orientation; 

a plurality of light emitting diodes (LEDs) mounted on the 
structure, each LED disposed on the structure at a 
specific position relative to a reference position, each 
LED coupled to receive a drive current and configured, 
upon receipt of the drive current, to emit infrared (IR) 
light; 

an LED controller coupled to the LEDs and configured to 
supply the drive current to each of the LEDs in a 
manner that causes the LEDs to sequentially and indi 
vidually IR emit light; 

a single position sensing device spaced apart from each of 
the LEDs, the single position sensing device configured 
to receive the IR light emitted from each of the LEDs 
and to Supply position data for each LED; and 

a processor coupled to receive the position data Supplied 
from the single position sensing device and configured 
to determine the position and orientation of the struc 
ture relative to the position sensing device based on the 
position data Supplied from the single position sensing 
device and the specific position of each LED relative to 
the reference position. 

8. The system of claim 7, wherein: 
the single position sensing device has a field of view 
(FOV) and receives the light emissions from each of 
the LEDs within the FOV; and 

the processor is further configured, upon receipt of the 
position data, to determine if one or more of the LEDs 
is outside of the FOV of the position sensing device. 

9. The system of claim 8, wherein the processor is further 
configured to disable the one more LEDs determined to be 
outside of the FOV of the position sensing device. 

10. The system of claim 7, wherein the processor is in 
operable communication with the LED controller and is 
further configured command the LED controller to supply 
the drive current to each of the LEDs. 

11. The system of claim 10, wherein: 
the processor is further configured to Supply a plurality of 

timing pulses to the LED controller; and 
the LED controller is configured, upon receipt of the 

timing pulses, to Supply the drive current to each of the 
LEDS. 

12. The system of claim 11, wherein the timing pulses 
comprise: 

a series of sync pulses, each sync pulse Supplied at a 
predetermined periodicity; 

a plurality of individual LED pulses supplied between 
each of the sync pulses, each the individual LED pulses 
associated with a different one of the LEDs, and each 
of the individual LED pulses supplied a predetermined 
number of times between each of the sync pulses. 
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13. The system of claim 7, wherein: 
the LED controller comprises a plurality of LED driver 

amplifiers, each driver amplifier configured to Supply 
the drive current to a different one of the LEDs; and 

the processor is further configured to selectively com 
mand the LED controller to vary the drive current to 
one or more of the LEDs. 

14. A method of detecting position and orientation of a 
structure using a single position detecting device that is 
spaced apart from the structure, the method comprising the 
steps of 

sequentially and individually Supplying drive current 
from an LED controller to a plurality of light emitting 
diodes (LEDs) that are mounted on the structure to 
thereby sequentially and individually cause the LEDs 
to emit light, each LED being mounted on the structure 
at a specific position relative to a reference position; 

generating, using the single position sensing device, posi 
tion data for each LED from the light that is emitted 
from each of the LEDs; 

processing, in a processor, the position data and the 
specific position of each of the LEDs relative to the 
reference position to determine the position and orien 
tation of the structure relative to the single position 
sensing device; and 

using the processor to selectively command the LED 
controller to vary the drive current to one or more of the 
LEDS. 

15. The method of claim 14, wherein: 
the single position sensing device has a field of view 

(FOV) and receives the light that is emitted from each 
of the LEDs within the FOV; and 

the method further comprises processing the position data 
to determine if one or more of the LEDs is outside of 
the FOV of the position sensing device. 

16. The method of claim 15, further comprising: 
disabling the one more LEDs determined to be outside of 

the FOV of the position sensing device. 
17. The method of claim 14, further comprising: 
Supplying a plurality of timing pulses from the processor 

to the LED controller; and 
supplying the drive current from the LED controller to 

each of the LEDs in response to the timing pulses. 
18. The method of claim 17, wherein the timing pulses 

comprise: 
a series of sync pulses, each sync pulse Supplied at a 

predetermined periodicity; 
a plurality of individual LED pulses supplied between 

each of the sync pulses, each of the individual LED 
pulses associated with a different one of the LEDs, and 
each of the individual LED pulses supplied a predeter 
mined number of times between each of the sync 
pulses. 


